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Abstract
The wheelchair handrim is a key factor in the wheelchair ergonomics and has been shown to affect both user’s comfort and 
propulsion efficiency. Since the handrim is used for both pushing and braking, friction is an important aspect influencing thermal 
comfort on hands. This study was aimed at investigating the influence of handrim design on hands’ temperature during manual 
wheelchair propulsion. Ten able-bodied subjects performed an “8-shaped” propulsion protocol on a flat floor, repeated twice, 
each time with a different pair of handrims: the standard round metallic tube handrims, and the ergonomically designed 
handrims. Temperature on hands’ surface was measured with a thermographic camera at three moments: before starting the 
protocol and immediately after each protocol with a different handrim. The results show that the average maximum temperature 
on hands’ surface after propelling the wheelchair with the conventional handrims (36.77+1.66 oC) was significantly higher 
(p=0.01) than after propelling with the ergonomic handrim (36.22+1.33 oC). Measuring the temperature on hands with a 
thermographic camera was shown to be a useful technique to investigate thermal aspects of the hand-operated devices.
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1. Introduction
The use of a manual wheelchair comprises the repeated action of the hands on the handrim for either pushing or 
breaking the wheels. Such manual forces impose important loads to the upper limbs, since the inertial properties of 
the system comprise the mass of the chair and the user’s mass. In addition, friction, rolling resistance and equipment 
performance are also factors that affect the wheelchair mobility [1]. In this context, hands’ comfort is of great 
importance in the equipment usability and users satisfaction.
There is a high prevalence of upper limb injuries among wheelchair users [2].  When propelling a manual 
wheelchair with standard handrims, the user applies forces onto a round metallic tube of about 20 mm of diameter. 
Previous studies have shown that the standard handrim does not provide sufficient contact surface for the hands and, 
as a result, the contact forces are concentrated over small areas of the hands [3,4]. Therefore, the standard handrim 
does not meet the ergonomic requirements for comfortable, stable and safe manual propulsion.
The interface between the hand and the wheelchair handrim has been of interest of a number of studies, due to the 
need of improving the ergonomics of manual propulsion [4-6]. Additionally, innovative handrim designs have been 
proposed in order to optimize propulsion efficiency and hands’ comfort [4, 7, 8]. The study of Medola et al. [3]
showed that a handrim designed with increased contact surface and anatomical shape increased provides a more 
homogeneous distribution of contact forces on hands’ surface, which contributes to benefit manual comfort.
While there has been considerable research on the hand-handrim interface, to our knowledge, no study addressed 
the thermal comfort of the hands. This is a relevant aspect of manual wheelchair propulsion, since the friction 
required for the repetitive action of holding, pushing and braking a rotating wheel leads to an increase in the 
temperature of the hands surface.
The present study was aimed at investigating the influence of handrim design on hands’ temperature during 
manual wheelchair propulsion.  This knowledge may contribute to designers and manufacturers in the design of 
wheelchair handrims that best meet the ergonomics needs for a safe and comfortable use.
2. Materials and Methods
This study was carried out in the Laboratory of Ergonomics and Interfaces - LEI/FAAC - UNESP - Univ. 
EstadualPaulista, Bauru, SP. Prior to data collection, subjects read and signed an informed consent form that had 
been approved by the Ethics Committee of the Faculty of Architecture, Arts and Communication -FAAC/UNESP 
(Process n. 800.500/2014).
Ten able-bodied subjects voluntarily participated in this study. A standard folding-frame manual wheelchair was 
used during all data collection; two pairs of wheels were used: one with a pair of conventional round metallic tube 
handrims, and other with a pair of ergonomically designed handrims [5] in which smooth grooves were added on the 
outer surface to improve the fingers gripping, as shown in Figure 1. The standard handrim is a metallic round tube of 
20 mm of diameter, while the ergonomic handrim is made of polyurethane resin, and designed with increased 
surface and anatomical shape.
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Fig. 1. The two wheelchair handrims used in the study: (a) standard; (b) ergonomic.
Subjects performed an “8-shaped” propulsion protocol on a flat floor, repeated twice, each time with a pair 
of handrims, in a randomized order, with a five-minute rest interval during which the pair of wheels were switched. 
Subjects were instructed to propel the wheelchair at maximum speed. Temperature on hands’ surface was measured 
with a thermographic camera at three moments: before starting the protocol (rest condition) and immediately after 
each protocol for both handrim types. The average maximum temperature of all subjects was obtained for the rest 
condition and immediately after the protocol with each handrim type. Student’s t-test was applied to compare hand 
temperature between both handrim types.
3. Results
The sample of this study was comprised by ten able-bodied subjects (seven men, three women), with a mean age 
of 34.3 + 9.3 years, and with no previous experience in wheelchair propulsion.
The average maximum temperature on hands’ surface after propelling the wheelchair with the conventional 
handrims (36.77+1.66 oC) was significantly higher (p=0.01) than after propelling with the ergonomic handrim 
(36.22+1.33 oC). No significant difference was found when compared the average maximum temperature in rest 
(36.43+1.42 oC) and after propelling the chair with the ergonomic handrim (p=0.66). 
In addition to the average of peak temperatures, it was also analyzed the areas of the hand where the maximum 
temperatures were registered differed between the three situations, as shown in Figure 2. 
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Fig. 2. Areas of the peak temperature (ten subjects) in the three situations: (a) rest; (b) after using the standard handrim; (c) after using the 
ergonomic handrim.
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4. Discussion
This paper investigated how different handrim designs influence thermal distribution over hands’ surface. The 
measurement of heat with a thermographic camera device provides objective data of the maximum temperature. 
This is a relevant aspect of the ergonomics of hand-operated devices, and can be correlated to thermal comfort. As 
the users occupy the wheelchair for about 11 hours per day [9], the daily contact between the hands and the 
handrims occurs many times, which makes the hand comfort important to ensure efficiency and satisfaction in
wheelchair usage.
The main finding of this study is that different handrim designs influence the temperature on hands’ surface 
during manual wheelchair propulsion. The higher maximum temperatures found when using the conventional 
handrim may be due to its small size and, therefore, insufficient surface for the entire hand. As a result, the areas of 
the hand that are in contact with the handrim are exposed to a high level of friction required for both pushing and 
breaking, thus increasing the temperature. 
Although there was significant difference in the average maximum temperatures when compared the two types of 
wheelchair handrim, the areas where the peak temperatures were registered seem to be most concentrated between 
the basis of the thenar eminence and the second metacarpal for both handrims. This may be a result of the action of 
holding the handrim, which requires the movement of thumb opponency to evolve it, thus concentrating the contact 
forces on this area.
This study has limitations that need to be noted. First, subjects were not wheelchair users, therefore the current 
findings are not fully representative of wheelchair users. Previous studies have shown differences in propulsion 
pattern between able-bodied subjects and experience wheelchair users [10-13]. Additionally, the two handrim types 
are different in terms of shape and material, which limit the investigation of which of these features most affects the 
temperature on hands.
5. Conclusion
This study showed that an ergonomic handrim may contribute to the thermal comfort on hands during wheelchair 
propulsion. Compared to the conventional round tube handrim, the use of the ergonomic handrim was related to 
significant lower maximum temperatures on hands’ surface after a wheelchair propulsion protocol. This may be due 
to the increased surface for hands’ contact provided by the ergonomic handrim, therefore distributing the friction 
over a large area of the hands. Finally, measuring the hands’ temperature with a thermographic camera was shown 
to be a sensible technique to investigate the influence of the design of hand-operated devices on the interface 
temperature, thus providing an objective measurement that can be directly related to thermal comfort.
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